A simple, sensitive and specific high-performance liquid chromatography-UV (HPLC-UV) method has been developed to simultaneously quantify the eight major bioactive phenolic compounds in Chinese propolis, namely caffeic acid, isoferulic acid, 3,4-dimethoxycinnamic acid, pinobanksin 5-methyl ether, pinocembrin, benzyl caffeate, chrysin and galangin. This HPLC assay was performed on an Agilent Zorbax Extend-C 18 (250 × 4.6 mm, 5 μm) column with a gradient of methanol and 0.2% aqueous acetic acid (v/v) in 50 min, at a flow rate of 1.0 mL/min, and detected at 290 nm. All calibration curves showed good linearity (r 2 >0.999) within the test ranges. The intra-and inter-day assay precision (RSD) of eight phenolic compounds were in the range of 0.07-4.92%. The recoveries were between 98.3% and 104.8%. This assay was applied to the evaluation of nineteen samples from different origins in China. The results indicated that the developed assay could be readily utilized for the quality control of propolis.
Propolis, a folk medicine employed in treating various ailments, is a resinous substance collected by honeybees from the bud and bark of certain trees and plants, and stored inside their hives. In recent years, propolis has been extensively used in food and beverages to improve human health and to prevent diseases [1] . The ethanol extract of raw propolis has some activities, such as antibacterial, antiviral [2] , antioxidant [3] , antifungal [4, 5] , and antitumor [6] .
Various types of bioactive compounds have been isolated from propolis, including polyphenols (flavonoid aglycones, phenolic acids and their esters, phenolic aldehydes, alcohols and ketones), steroids, amino acids and inorganic compounds [7] . Among these, flavonoids and phenolic acids are regarded as the major active components [8] . However, the composition of propolis varies qualitatively and quantitatively with the geographical and botanical origins [9, 10] .
At present, the output of Chinese propolis ranks first in the world. However, a literature survey revealed only a few liquid chromatographic (LC) methods for the quantitative analysis of propolis from different areas in China [11, 12] . However,, a single or a few marker compounds could not be responsible for the overall pharmacological activities of the propolis, because the therapeutic functions derive from multiple compounds. We have proposed multiple marker component quantification plus a fingerprint model for the overall and comprehensive quality control of traditional Chinese medicines, and have developed such analyses for several commonly used Chinese herbal medicines [13] [14] [15] [16] [17] [18] [19] [20] [21] bioactive phenolic compounds with a wide range of polarities, including four flavonoids, three acids and one ester, namely caffeic acid (1), isoferulic acid (2), 3,4-dimethoxycinnamic acid (3), pinobanksin 5-methyl ether (4), pinocembrin (5), benzyl caffeate (6), chrysin (7) , and galangin (8) ( Figure 1 ). Caffeic acid, isoferulic acid and 3,4-dimethoxycinnamic acid possess potent antioxidant and anti-inflammatory properties [22, 23] . Pinobanksin 5-methyl ether, pinocembrin, chrysin and galangin have anti-fungal and anti-microbial properties [24] , and benzyl caffeate has aroused great interest after it was found to possess potent antiproliferative and NO inhibitory activities [25, 26] . It is important to note that the bioactivities of the eight constituents are essentially consistent with those of propolis and hence could be used to evaluate its quality. The method was successfully applied to the quantification of eight phenolic compounds in nineteen samples of raw propolis collected in China.
Optimization of extraction method:
In order to obtain quantitative extraction, variables involved in the procedure such as solvent and extraction time were optimized. Ultrasonic extraction was chosen as the preferred method. Then, 60, 80, 100% methanol and 60, 80, 100% ethanol aqueous solutions (v/v) were used as extraction solvents to determine the optimal solvent concentration. The best solvent that allowed complete extraction of these eight phenolic compounds was found to be 80% aqueous methanol. The extraction time was also examined, in which powdered samples were extracted with 80% aqueous methanol for 30, 60 and 120 min, respectively. The eight components were almost completely extracted within 60 min. After extraction, the residue was further extracted for an additional 60 min, and almost no components were detected by HPLC.
Optimization of chromatographic separation:
The optimization of the chromatographic conditions was aimed at obtaining chromatograms with the best With respect to the choice of mobile phase, it was necessary to add 0.2% aqueous acetic acid to eliminate peak tailing of the phenolic compounds. By using the UV spectra with 3-D chromatograms of HPLC-DAD, the monitoring wavelength was set at 290 nm. A thermostatically controlled column was kept at 35ºC because of satisfactory separation. .453x -6.549 (0.60-60.40 μg/mL) for 8. The limit of detection (LOD) and quantitation (LOQ) under the present chromatographic conditions were in the range 0.08-0.60 and 0.02-0.20 μg/mL for compounds 1-8, respectively. The measurements of intra-and interday variability were utilized to determine the precision of the developed assay method. The precisions were determined by analyzing solutions of three different concentrations (high, medium and low), in six replicates, during a single day and replicating the experiments on three consecutive days. The relative standard deviation (RSD) was considered as the measure of precision. Intra-and inter-day assays ( Table 1) were determined and found to be in the range from 0.07 to 4.92%. The recovery test was used to evaluate the accuracy of this method and carried out by adding the standard solutions to the raw propolis powders. The added standard solutions were prepared in the concentration range of the calibration curve, with three different concentration levels (high, medium and low); each was assayed in triplicate. The ratio of detected and added amount was used to calculate the recovery. The recoveries of eight compounds ( Table 3 shows that the total contents of flavonoids were higher than those of the phenolic acid components. A number of reasons may contribute to this difference in the level of these phenolic compounds between various samples, such as, plant source, region and storage conditions. In conclusion, a simple, reliable and accurate LC method was developed for the quantification of eight bioactive phenolic compounds in Chinese propolis. An optimal gradient elution program was developed to separate the eight phenolic compounds effectively within 50 min. The HPLC assay could be readily utilized as a suitable quality control method for the determination of the major biologically active constituents in Chinese propolis.
Experimental
HPLC grade acetic acid (Tedia, USA) and HPLC grade methanol (Sinopharm Chemical Reagent Co., Ltd, Shanghai, China) were used for the HPLC analysis. HPLC grade water was prepared using a Milli-Q Water purification system (Millipore, MA, USA). All other reagents were of analytical grade. Caffeic acid, isoferulic acid, 3,4-dimethoxycinnamic acid [27] , pinocembrin [28] , benzyl caffeate [29] , chrysin, galangin [30] , and pinobanksin 5-methyl ether [31] were isolated by the author from the raw propolis purchased from Henan province, People's Republic of China. The chemical structures of these compounds were established by UV, 1 H NMR, 13 C NMR and MS data analysis in comparison with published literature data, and their purities were all above 98% by LC analysis.
Raw propolis was collected from different regions of China and authenticated by Prof. De-an Guo. The voucher specimens were deposited at Shanghai Research Center for Modernization of Traditional
